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ABSTRACT 
The effect of confinement on the crystallization, crystal orientation, and polymorphic crystal 
transition of bulk and infiltrated polybutene-1 (PB-1) within nanoporous alumina templates (AAO) 
were studied. After cooling from the melt, PB-1 within AAO templates crystallized into the 
tetragonal Form II directly. The nucleation process inside the AAO pores was probably 
homogeneous when pore sizes were below 200 nm. The crystal orientation of Form II was 
investigated by grazing angle X-ray scattering. Form II to I transition was investigated as a 
function of time and modeled with the Avrami equation. The rate of Form II to I transition for 
infiltrated PB-1 within 400 nm AAO was unexpectedly higher than that of the bulk. The stress 
generated due to the mismatch of the thermal expansion coefficients between PB-1 and AAO 
greatly enhanced the nucleation of Form I within the Form II matrix. A slower Form II to I 
transition was observed when the pore diameter of AAO decreased. The transition degree 
decreased with decreasing pore diameter and was completely inhibited for PB-1 infiltrated within 
the 30 nm AAO template. A stable Form II interfacial layer with a thickness of ~ 12 nm was 
postulated to account for this phenomenon. 
 
1. INTRODUCTION 
Isotactic polybutene-1 (PB-1) is a semi-crystalline polyolefin that exhibits excellent mechanical 
performance, such as high modulus, stiffness, and creep resistance.
1
 Four different crystalline 
structures have been reported for PB-1; namely, I, II, III, and I’.
2, 3
 Form II, characterized by a 113 
helical conformation in a tetragonal unit cell, can be obtained by crystallization from the melt and 
shows a melting temperature of 100-120 ºC.
1, 4
 Form II spontaneously transforms into the more 
stable Form I during annealing.
5, 6
 Form I has a 31 helical conformation in a trigonal cell and a 
melting temperature of 121 ~ 136 ºC.
1, 7
 The Form II to I transition results in a 14 % increase in 
repeating length along the chain axis and a 10% cross-sectional decrease.
1
 Another modification, 
termed as Form I’, exhibits the same crystalline structure but a lower melting temperature (90 ~ 
100 ºC) as compared to Form I.
8
 
The Form II to I polymorphic transition is of particular interest in PB-1 as it occurs at room 
temperature in the solid-state, representing a unique case for semi-crystalline polymers. Parts 
made with PB-1 have time-dependent dimensions and mechanical properties, as the crystal 
transformation is slow, and these time-dependent effects can affect practical applications. 




For practical applications, it would be ideal if Form I/I’ can be obtained directly or the transition 
can be greatly accelerated.
10-12
 Polymorphism selection may be strongly influenced by spatial 
confinement.
13-15
 Considering that at certain crystallization temperature the size (thickness) of 
Form II nuclei is much larger than that of Form I’ and the growth rate of Form II is much faster 
than Form I’, therefore, in order to obtain Form I’, one needs to suppress the nucleation of Form II. 
This effect has been observed in butene-1/ethylene copolymers via the formation of heterogeneous 
melt structure after melting the original crystals.
13
 




 external or 
internal stress,
5, 18-21
 or the introduction of 1-alkene co-monomers less than five carbon atoms.
22
 A 
series of carefully designed DSC and WAXS measurements were performed by Qiao et. al., 
reporting that Form II to I transition of PB-1 can be regarded as a nucleation-growth procedure.
23
 
By varying the molecular weight and lamellar thickness of PB-1, these authors demonstrated that 
the inter-crystalline links and tie chains play dual roles. On the one hand, the unbalanced stress 
between neighboring lamellae transmitted by the intercrystalline links accelerates the transition. 
On the other hand, the existence of intercrystalline links stabilizes the metastable Form II via 
hindering the translational movements of chains in the crystalline phase and slowing the relaxation 
of amorphous chains during phase transition.
24-26
 
The Form II to I transition is also influenced remarkably by spatial confinement, such as in 
blends and thin films. Shieh et al.
8
 observed that Form II to I transition is facilitated in PB-1-rich 
blends with polypropylene (iPP) possibly because the helical conformation of the α phase of iPP is 
similar to that of Form I of PB-1. Later, Wang et al.
27
 found that Form I’ could nucleate at the 
interface of PB-1/iPP immiscible blends when PB-1 droplets are finely dispersed in the iPP matrix. 
Reported results on PB-1 thin films regarding Form II to I transition are not always consistent. 
This could be due to the coexistence of a surface layer and residual stresses together with a 
confinement effect. A decrease in Form II to I transition rate with decreasing film thickness has 
been reported,
28-30
 however an increase in transition rate has also been observed.
31
 A comparative 
study showed that the existence of evaporated carbon on PB-1 films retarded the transition to 120 
days, which was attributed to a surface fixing effect occurring between the carbon and the polymer. 
On the other hand, the original film with the same thickness needs only 9 days to accomplish the 
transition under the same conditions, a time similar to that in bulk PB-1.
29
 
Anodic aluminum oxide templates (AAO) with isolated, parallel, and uniform nanocylinders 
provide an ideal environment to study polymer crystallization under nanoconfinement.
32-36
 Within 
AAO templates, the nucleation mechanism changes from heterogeneous to homogeneous or 
surface nucleation.
37-39
 An anisotropic crystalline morphology is generally observed which is 
related to thermodynamic stability,
40
 crystal growth kinetics,
41-43
 and interfacial interactions.
44, 45
 
The crystallization kinetics of polymers within AAO exhibits a “nucleation-dominated 
kinetics”.
46-48
 Although the crystallization behavior from the melt state of polymers within AAO 
templates has been extensively studied, the influence of cylindrical confinement on the solid-solid 
crystalline transition is poorly understood. 
In this work, PB-1 was chosen as a model polymer and the effects of nanoconfinement on the 
crystallization, melting, crystal orientation, with an emphasis on the solid-solid polymorphic 
transition of Form II to I, were studied. AAO templates covering the length scale of 30 nm to 400 
nm in diameter were employed. The nucleation mechanism was evaluated by comparing the 
crystallization temperature (Tc) and glass transition temperature (Tg). The orientation of the 
crystals was characterized by grazing incident wide-angle X-ray scattering (GIWAXS). The Form 
II to I transition was monitored by time-dependent GIWAXS. The kinetics was evaluated by the 
classical Avrami equation. The results may provide new insights on the mechanism of the 
solid-solid transition in PB-1. 
2. EXPERIMENTAL SECTION 
2.1. Materials and Sample Preparation. 
The PB-1 sample with a trade name of PB0800 was produced by LyondellBasell. The melt flow 
rate of the polymer is 200 g/10 min (190 ºC/2.16 kg). The sample has a weight-average (Mw) 
molecular weight of 77 kg/mol and a polydispersity of 3.0. The sample was used as received. 
AAO templates with pore diameters of 400 nm, 200 nm, 100 nm, 40 nm, and 30 nm and a pore 
length of approximately 100 μm were purchased from Shanghai Shangmu Technology Co. Ltd. 
The polymer infiltration was carried out by using a home-made sample chamber with a 
temperature controller. The AAO templates were degassed under vacuum at 400 ºC for 5 hours. 
After cooling down to room temperature, a piece of PB-1 film was placed on the surface of the 
AAO template and then annealed at 180 ºC, first under vacuum and then under a nitrogen 
atmosphere for 12 hours. The surface cleaning procedure was adapted from our previous 
publication: most of the residual polymer on the AAO surface was removed by a sharp blade at 
room temperature, and then the template was further cleaned with a soft cloth at 150 ºC. Multiple 
crystallization peaks would be observed in DSC if there is residual polymer on the template 




A scanning electron microscope (SEM) (JSM-6700F JEOL) was used to observe the surface 
morphology of AAO and PB-1 nanorods (after dissolving the AAO templates). The microscope 
was operated at 5 kV. In order to observe PB-1, the infiltrated templates were immersed in an 
etching solution composed of chromium trioxide (CrO3, 4.5 g), phosphoric acid (H3PO4, 3.5 mL), 
and water (96.5 mL), to dissolve the alumina. 
A differential scanning calorimeter (DSC Q 200, TA) was employed to investigate thermal 
transitions during crystallization and melting. The calorimeter was calibrated with indium. For 
each experiment, we used around 5 mg of infiltrated samples including the aluminum base. The 
scanning range was between -60 and 180 °C and the heating/cooling rate was 10 °C/min. The 
samples were protected by high purity nitrogen to avoid degradation. 
A small and wide-angle X-ray scattering system (Xeuss 2.0, Xenocs SA) was used for the 
GIWAXS measurement. A Cu Kα X-ray source (GeniX3D) (50 kV, 0.6 mA) was used. The 
wavelength of the radiation was 1.5418 Å. The detector we used was Pilatus 300 K (DECTRIS, 
Swiss). The detector contained 487 × 619 pixels with a size of 172 × 172 μm
2
. The incident angle 
was set to 2°. The exposure times were 5 min and 30 min for bulk and infiltrated PB-1, 
respectively. 
3. RESULTS AND DISCUSSION 
3.1. Morphology of PB-1 Nanorods. 
 
Figure 1. SEM images of PB-1 rods released from 400 nm AAO (a) and (b) and cross-sectional 
images of AAO with pore diameters of 200 nm (c) and 100 nm (d). The scale bars correspond to 1 
μm. 
Figure 1a and b display the morphology of the PB-1 nanorods extracted from the 400 nm AAO 
template (by dissolving the alumina). It is seen that the PB-1 rods are homogeneous and straight. 
Figure 1c and d show a side view of the templates. The results indicate that AAO template 
provides an ideal confining environment to get uniform parallel isolated nanocylinders. 
3.2. Melting and Crystallization Behaviors. 
 
Figure 2. Cooling (a) and subsequent heating (b) DSC curves (both at 10 ºC/min) of bulk and 
infiltrated PB-1 within AAO templates.  
Table 1. Crystallization and melting temperatures of bulk and infiltrated PB-1. 
sample Tm (°C) Tc (°C) 
bulk 114.6/130.5 75 
400 nm 112.2/125.4 48 
200 nm 113.5 -22.4 
100 nm 113.8 -32.3 
 
Figure 2 shows the DSC curves of bulk and infiltrated PB-1 within AAO pores. The 
crystallization (Tc) and subsequent melting temperatures (Tm) are summarized in Table 1. All the 
samples show similar melting Tm but very different Tc. According to the literature, the Tg of PB-1 
is ~ -30 °C (by DSC).
10, 49
 The Tc values of the infiltrated PB-1 samples within 200 nm and 100 
nm templates are very close to Tg, i.e, at the maximum possible supercoolings available to the 
material.
38
 Therefore, it is highly probable that the samples within AAO with diameters smaller 






The samples within smaller AAO pores do not show clear crystallization peaks in their 
corresponding DSC scans because of the small amount of material infiltrated. It is noted that the 
400 nm sample exhibits two endothermic peaks (Figure. 2b). The higher temperature peak 
corresponds to a small fraction of Form I that are either produced during cooling or transformed 
from From II during the test (0.5 ~ 1 h). 
3.3. Crystal Structure and Orientation of PB-1 in Nanodomains. 
 
Figure 3. GIWAXS patterns of bulk (a) and infiltrated PB-1 within 400 nm (b), 200 nm (c), 100 
nm (d), 40 nm (e), 30 nm (f) AAO templates after cooling from melt to -60 °C at 10 °C/min. 
To investigate the orientation of the confined PB-1 samples, 2D GIWAXS experiments were 
performed. The samples were first heated to 180 ºC to erase the thermal history and then cooled to 
-60 ºC. Figure 3 shows that bulk PB-1 exhibits an isotropic pattern with predominant Form II 
crystal reflections. On the other hand, arcs are seen for infiltrated samples in Figure 3 indicating 
the existence of preferred orientation. 
The 1D intensity curves are shown in Figure 4. According to the crystallographic structure of 
PB-1 in the literature,
7




, and 1.31 Å
-1
, can be assigned to the 
(200), (220) and (213) reflections of Form II. The peak at q = 0.71 Å
-1
 for the 400 nm sample 
corresponds to the (110) reflection of Form I. Except for the 400 nm sample, all the other samples 
are mainly composed of Form II crystals. 
 
Figure 4. 1D intensity profiles of bulk and infiltrated PB-1 within AAO templates. 
The orientation of polymer crystals within 1D nanocylinders has been a subject of intense 
investigation.
41-43, 50, 51
 It is noticed in Figure 3 that the (200)II, (220)II and (213)II reflections of the 
infiltrated samples have several maxima at different azimuthal angles. As an example, the 
azimuthal plots of the reflections of the 400 nm sample before and after annealing are displayed in 
Figure 5. For the melt crystallized sample, maxima are located at the meridian (ϕ = 0°) for the 
(200)II and (220)II reflections. Another maximum at ϕ = 45° is seen for the (200)II reflection. For 
the (213)II reflection, a single maximum is observed at ϕ = 45°. The infiltrated samples within 
smaller pores show similar features. As shown in Figure 5(c, d), after annealed for 100 days, the 
(110)I and (220)I reflections both have two peaks at ϕ = 0° and 29°. The (211)I reflection has a 




cos 𝜑 = cos 𝜃 cos 𝜙 
where θ is the half Bragg angle and ϕ is the azimuthal angle. The results are shown in Table 2. 
Because the θ values are below 10º, the φ values are very close to ϕ values. 
Table 2. The Parameters for Calculating the Angles between the Plane Normal to the Pore Axis for 
PB-1. 
plane θ (º) ϕ (º) φ (º) 
(200)II 5.99 45 45.3 
(213)II 9.25 45 45.7 
(110)I 5.00 29 29.4 
(211)I 10.3 45 45.9 
 
 
Figure 5. GIWAXS patterns (a, c) and azimuthal intensity profiles (b, d) of infiltrated PB-1 within 
400 nm AAO templates after cooling from the melt (a, b) and after annealed at room temperature 
for 100 days (c, d). The meridian is defined as ϕ = 0º. 
Table 3 lists the angles between the different planes of Form II/I crystals according to the lattice 
parameters reported.
7
 The angles of (200)II and (213)II to (220)II are 45° and 46.2° respectively, 
which agree with the φ values in Table 2. The azimuthal intensity distributions agree well with the 
combination of two uniaxial orientations for the Form II, i.e., the (200)II/(220)II perpendicular to 
(⊥) the pore axis. As for Form I, the (110)I/(220)I peak at ϕ = 29º, and the (211)I at 45° correspond 
to a preferred orientation structure with the (300)I ⊥ pore axis. The crystallographic relationship 
of different planes indicates the orientation mode is a mixture of the (300)I/(110)I ⊥ pore axis. 
Since we are only interested in the directions, both of the orientation of Form II and I can be 
assigned to the (100)/(110) ⊥ pore axis or the reciprocal <100>*/<110>* direction parallel to (∥) 
the pore axis. Mixed orientations have been observed frequently in crystalline polymers confined 
within AAO pores. It has been realized that the relative growth rate of different crystal planes 




It is known that the Form II to I transition exhibits a crystallographic matching relationship 
between the two crystalline modifications with a common (110) plane.
7, 53-56
 The orientation of 
PB-1 within AAO templates exhibits a similar relationship. For example, the (110)I and (220)II 
align parallel to each other. 
Table 3. The d-spacings and Interplanner Angles for PB-1. 
plane 200II 220 II 213 II 110I 300I 211I 
d calc (Å) 7.45 5.27 4.86 8.77 5.06 4.30 
d obsd (Å) 7.39 5.19 4.80 8.85 5.07 4.30 
angle to 200II - 45 49.3    
angle to 220II 45 - 46.2    
angle to 213II 49.3 46.2 -    
angle to 110I    - 30 42.7 
angle to 300I    30 - 45 
angle to 211I    42.7 45 - 
 
3.4. Crystal Transition Kinetics during Annealing. 
 
Figure 6. 1D intensity profiles of the bulk and infiltrated PB-1 within 400 nm AAO during 
annealing at room temperature. 
It is interesting to observe how confinement influences the crystal-crystal polymorphic 
transition in PB-1. Figure 6 shows the GIWAXS of bulk and infiltrated PB-1 within AAO 
templates during annealing at room temperature. For bulk PB-1, the initial sample only shows the 
reflections of Form II, including the (200)II, (220)II and (213)II. During annealing, typical 
diffraction peaks of Form I appear, (110)I, (300)I and (220)I, located at q = 0.71 Å, 1.24 Å, and 
1.46 Å, respectively. The intensities of the (200)II, (220)II, (213)II peaks decrease with annealing 
time gradually, while the intensities of the peaks corresponding to Form I increase. When the 
annealing time reaches 69 h, the Form II to I transition is almost complete for bulk PB-1, which 
agrees well with the previous studies.
57
 Although the initial 400 nm sample contains a certain 
amount of Form I crystals, the Form II to I transition degree is lower than the bulk at long 
annealing time. 





𝐼(110)I  + 𝑅 ∗ 𝐼(200)II
 
where 𝐼(110)I  and  𝐼(200)II  are the integrated areas of the (110)I  and  (200)II  diffraction 
peaks; R is a correction parameter that considers both the structure factors and 




Figure 7. The evolution of XI as a function of annealing time at room temperature (a) and the 
Avrami plot (b) of the bulk and infiltrated PB-1 within AAO templates. 
Figure 7a shows the evolution of the content of Form I crystals (XI) during annealing at room 
temperature. The longest annealing time is 2000 hours (~ 3 months). The general observation is 
that the transition slows down with decreasing AAO pore diameter. The data points for the 







= 1 − exp[−𝑘 ∗ (𝑡 − 𝑡0)
𝑛] 
where t is the annealing time, t0 is the induction time, k is the transformation rate constant and n is 
the Avrami index, X𝐼∞ is a constant to describe the saturation of the transition degree. The 
Avrami index n can be expressed by the addition of two terms
60
: 
𝑛 = 𝑛𝑛 + 𝑛𝑔𝑑 
where 𝑛𝑛, ranging from 0 to 1 is related to the nucleation mechanism from instantaneous to 
sporadic and 𝑛𝑔𝑑 is related to the dimensionality of crystal growth (0 ~ 3). The equation can be 
rewritten in the form of Avrami plot: 
ln [− ln (1 −
X𝐼
X𝐼∞
)] = ln(𝑘) + n ∗ ln(𝑡 − 𝑡0) 







The corresponding parameters are listed in Table 4. Bulk PB-1 shows an n of 1.52, comparable 
with a previous report.
23
 This n value can be approximated to 2 and explained as a result of 
sporadic nucleation (𝑛𝑛 = 1) of 1D structures (𝑛𝑔𝑑 = 1). Rod-like growth of Form I has been 
confirmed by Chau et al.
28
 Different from the melt crystallization which is normally triggered by 




In the case where crystallization from the melt occurs within AAO nanopores via a 
homogeneous nucleation mechanism (𝑛𝑛 = 1), the overall kinetics is dominated by nucleation, as 
growth is much faster (𝑛𝑔𝑑 = 0). Hence, n = 1 is expected. In the present case, it is the kinetics of 
the solid-solid transformation which is being modeled with the Avrami equation, not the overall 
crystallization from the melt. Nevertheless, the n values are lower than 1 in all cases (Table 4) and 
they decrease with pore size reduction. If it is considered that the nucleation is the dominant step 
(𝑛𝑔𝑑 = 0), then the low n values can be interpreted as due to a nucleation mechanism between 
sporadic and instantaneous
46
 or due to sporadic nucleation and growth of multiple crystal planes 
with drastically different growth rates within one pore.
48
 
The plateau transition degree X𝐼∞ is plotted in Figure 8b and it can be observed that it 
decreases monotonically with decreasing diameter of AAO nanopores. The transition rate exhibits 
an interesting dependence on the confining environment size. Specifically, the 𝜏50% for the bulk 
sample is 15.3 h. For infiltrated PB-1 within 400 nm AAO, the 𝜏50% is 4.5 h, much shorter than 
that of the bulk. When decreasing the pore diameter, the 𝜏50% increases. The infiltrated PB-1 
within 400 nm AAO has the minimum 𝜏50% and highest k value, as shown in Table 4 and Figure 
8a. 
Table 4. Fitting Results of the Crystal Transition during Room Temperature Annealing. 
sample X𝐼∞ k (h
-n
) n 𝜏50% (h) 
bulk 1 0.011 ± 0.002 1.52 ± 0.07 15.3 ± 2.6 
400 nm 0.863 ± 0.004 0.28 ± 0.02 0.60 + 0.02 4.5 ± 0.6 
200 nm 0.79 ± 0.02 0.20 ± 0.04 0.61 ± 0.07 7.7 ± 3.1 
100 nm 0.60 ± 0.04 0.13 ± 0.03 0.44 ± 0.07 45 ± 36 
40 nm 0.4 ± 0.2 0.07 ± 0.02 0.39 ± 0.11 357 ± 648 
 
 
Figure 8. The change of 𝜏50% (a) and X𝐼∞ (b) as a function of AAO pore diameters. The curves 
in (b) represent the values calculated by X𝐼∞ = (1 − 2 ∗ 𝑙 ∗ 𝑑
−1)2 where l is the thickness of a 
hypothetical interfacial layer that cannot transform into Form I and d is the diameter of the AAO 
pores. 
3.6. Mechanism of the Crystal Transition under Confinement. 
For polymer crystallization from the melt under confinement, two factors should be taken into 
account. The first is the change in nucleation mechanism, from heterogeneous to surface or 
homogeneous nucleation. Second, the crystal growth is spatially restricted within the nanodomains 
(hence the time needed for crystal growth to fill a pore is much shorter than the time to form a 
nucleus) and the overall crystallization kinetics is dominated by nucleation.
32, 46
 The above two 
factors generally lead to a much lower overall crystallization rate from the melt as compared to the 
bulk under the same conditions.
46, 48
 Our results on the Form II to I transition of PB-1 under 
confinement within AAO are different, as we are dealing with a solid-solid transformation that can 
be affected by stress. 
External or internal stresses play a significant role in the nucleation of Form I within a Form II 
matrix.
3, 5, 18, 21
 Solution-grown crystals have a minimum mechanical disturbance. Therefore, the 
transition rate is so small that the mono-lamellar crystals do not transform after one month
61
 or 
even stay in Form II for more than 1 year.
30
 For molded rods, Choi. et al.
62
 reported that Form II 
to I transition is faster in the core region than in the outer layer, which is explained by the larger 
residual quench stress in the core. 
As for our system, the linear thermal expansion coefficients were estimated to be 2.2 ~ 2.6 × 
10
-4








 PB-1, respectively, which are 2 






, 25 ~200 ºC
64
). The 
infiltrated PB-1 within AAO is expected to endure significant stresses due to the mismatch in the 
thermal expansion coefficients. Specifically, such stress is expected to be generated after 
solidification of PB-1, therefore a lower crystallization temperature may produce less internal 
stress. Since the 400 nm sample has the highest Tc among the infiltrated samples, the stress 
experienced by the PB-1 rods enhanced the nucleation of the 400 nm sample as compared to the 
bulk sample. With the decreasing diameter of AAO pores, the transition rate decreases, possibly 
due to two factors. First, for homogeneous nucleation, smaller volumes have lower nucleation 
probability. Secondly, the possible lower stress in the smaller pores can be another reason for the 
lower transition rate for PB-1 in smaller pores. We would like to point out that internal stress is 
closely related to the intercrystalline links and tie chains, which is strongly influenced by the 
lamellar thickness. For the bulk PB-1, the lamellar thickness of Form II can be fixed by setting 
the same isothermal crystallization temperature, as shown by Qiao et al.
24, 25
 However, in the 
current situation, because the confinement effect, it is not possible to crystallize the sample at the 
same temperature. Therefore, we could not separate the effect of internal stress from the 
confinement effect. 
The degree of transition for infinite time (XI∞) decreases dramatically with decreasing diameter. 
It is known that the degree of transition for bulk PB-1 reaches a plateau value
25
 that depends on 
the crystallization condition and molecular weight. Cavallo et al. observed there were residual 
Form II crystals remained after mechanical deformation.
18
 However, the plateau values of 
transition for bulk PB-1 are much higher than the values we observed. The continuous decrease of 
XI∞ could indicate the existence of an interfacial layer in the vicinity of the AAO wall that cannot 
transform to Form I. 
A test to corroborate the hypothesis outlined above can consist of a plot of the volume fraction 
of the “core PB-1” as a function of pore diameter (d): 
X𝐼∞ = (1 − 2 ∗ 𝑙 ∗ 𝑑
−1)2 
In this equation, it is assumed that only the core part of PB-1 nanocylinder can transform to Form 
I, and that the untransformed fraction is related to a stable interfacial Form II layer at the AAO 
cylinder surface of constant thickness, l. Therefore, the trend of XI∞ has been calculated as a 
function of pore diameter, assuming different thicknesses of the interfacial layer. As shown in 
Figure 8b, the red line (l = 12 nm) fits the data points of bulk, 400 nm, 200 nm, and 100 nm 
satisfactorily. The mobility of chain segments close to an interface can be hindered due to 
adsorption during annealing,
65-67
 which can significantly slow down or even eliminate the 
transition. When the diameter of AAO decreased to 40 nm or 30 nm, the core diameter would be 
16 nm and 6 nm assuming l = 12 nm, respectively. According to the literature,
24, 25, 68
 the lamellar 
thickness of PB-1 is in the range of 12 ~ 25 nm depending on the molecular weight and 
crystallization condition. Therefore, when the diameter is approaching the lamellar thickness, 
other effects should be considered. For example, only one lamella may be formed within the 30 
nm pores, therefore it is expected it should not have “intercrystalline links”
24
 to transmit the stress, 
which is similar to the case of solution-grown crystals.
30, 61
 The origin of the stable Form II 
fractions and the possible existence of interlayer have to be further investigated. 
4. CONCLUSIONS 
Crystallization of PB-1 within nanoporous AAO templates exhibited several common features 
of confined crystallization. Upon cooling from the melt of the infiltrated PB-1, within AAO 
templates with diameters lower than 200 nm, Form II was formed directly via homogeneous 
nucleation. The Form II and I crystals showed a common mixed-orientation: the reciprocal 
<100>*/<110>* ∥ pore axis. The polymorphic Form II to I transition during annealing was 
investigated by GIWAXS. The transition rate of infiltrated PB-1 within 400 nm AAO was 
unexpectedly higher than that of the bulk. This result was explained by the stress generated inside 
the nanopores between PB-1 and AAO due to the mismatch in thermal expansion coefficients. 
Slower Form II to I transition was observed when the diameter of AAO decreased. The transition 
degree decreased with decreasing pore diameter and was completely inhibited for PB-1 infiltrated 
within 30 nm AAO. A stable Form II interfacial layer was postulated to account for the 
observation. 
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